Three newly isolated strains of Streptomyces phages have been examined by electron microscopy using the negative-staining technique. These phages have polyhedral heads and noncontractile tails ending in a clearly distinct fixation structure. They differ in their dimensions, head outline, flexibility of the tail and type of fixation plate. Some of their characteristics are new in the group of actinophages but correspond to known structures in other phage groups.
INTRODUCTION
The morphology of some phages infecting streptomycetes has previously been studied: detailed descriptions, based on the use of the negative-staining technique, are given by Rautenstein & Mach (1961) , Bacq & Home 0963) , Painter & Bradley (1965) . This report deals with the structure of three newly isolated actinophages. Interest was focused mainly on the fixation structures of these phages in the course of a study of the mechanism of their adsorption to filamentous bacterial hosts.
METHODS

Phages
Three phages were selected for their morphological peculiarities from a collection of phages isolated by Welsch, Rutten-Pinckaers & Selman (1963b) from natural substrates taken from different places in East Congo. The phages were originally labelled K XI, R XVlI and R XX, but for the sake of simplicity are here called K, R1 and R~. They were regenerated in broth inoculated at the same time with bacterial conidia. After 24 hr at 27 °, the infectious titre was about 101° plaque forming units (p.f.u.)/ml.
Host bacteria The three different Streptomyees spp. used as indicator bacteria were isolated from the same samples as their phages. They differed greatly in colony size, pigmentation of the hyphae and conidia and in pigmentation of the medium (Welsch et al. 1963a) . The bacterial conidia used for liquid regeneration and for titration of the phages by plaque enumeration were collected from cultures on agar medium as described by Bacq & Dierickx (1962) .
Phage purification
Phage lysates were concentrated by three cycles of low and high speed centrifugation in a Spinco model L centrifuge, the final pellets being carefully resuspended in phosphate buffer (pH 6"5; ionic strength /z = 0.02). To separate any remaining bacterial products, the concentrated suspensions (10 t3 p.f.u./ml.) were purified by zone electrophoresis in a sucrose gradient (56-0%). The column used (effective volume: 500 ml.) was described by Dierickx & Ghuysen (1962) and the conditions of the electrophoresis were: temperature: 4 °, duration: 48 hr, potential difference: 5-5 to 6.6 V./cm., buffer: phosphate, pH 6.5; # = 0.02. The phage sample (1 ml.) was introduced into the gradient with a drop of a reference stain at a level corresponding to about 32% sucrose concentration. In each 7 ml. fraction, phage was looked for by measuring the infectivity and the optical density at 260 and 280 m/z. The infectivity was always recovered in one symmetrical peak corresponding exactly to a peak of optical density characterized by a ratio O.D. 260: O.D. 280 m#. ~ 1-5. This value and the very close agreement between infectivity and optical density peaks indicate the accuracy of the method. The electrophoretic mobility was calculated from measurement of the distance covered by the infectious phage from its starting point. All the fractions containing phage were reconcentrated by high speed centrifugation.
Electron microscopy
Grids with the purified phage suspensions were prepared using the negative-staining technique described by Brenner & Horne (1959) . Sucrose was generally added to phosphotungstate as advised by Vieu, Croissant & Dauguet (1965) . The first screening of the preparations was made with an Hitachi HS6 electron microscope at a direct magnification of 10,000 × and the pictures were taken with a Siemens Elmiskop 1 at a direct magnification of 40,000 x. Particle dimensions were calculated from the prints. The figures given are the mean value of about forty measurements; they are accompanied by their standard errors.
RESULTS
Biological activity
The life cycle of each of the three phages is characterized by a long latent period (more than 90 rain.). The rate of adsorption of each phage (K, as defined by Adams, 1959) was measured on 6 hr-old mycelium at different concentrations (c. 108 bacteria/ ml.) with about one p.f.u./100 bacteria. The phage particles remaining in the supernatant fluid were counted after an adsorption time of 4, 8, 12, 16 and 20 rain. The different values found were: K (K) = 5.11 x 10-1° ml./min., K (R1) = 2-13 x 10 -1° ml./min., K (R~) = 1-91 × 10 -l° ml./min. Electrophoretic mobility at pH 6.5
Compared with the initial infectivity, the total recovery of infective particles after 48 hr electrophoresis was 2 % for K, 26 % for R1 and 100 % for R2. The three phages appeared negatively charged, their observed electrophoretic mobility being: fig. 1 arrow) . Some of the empty heads (PI. 1, fig. 2 arrow) present two imbricated hexagons indicating icosahedral or octahedral symmetry.
Phage R 1 (Pl. 2, fig. 3 ) is composed of a hexagonal head (average diameter 730 + 80 A) and a flexible tail (1735 + 130 A long and 120 _+ 40 A wide). The distal extremity of this tail bears a fixation structure (P1. 2, fig. 4 ). This is made of subunits which, in plane view, are arranged hexagonally (170 + 40 A) and, in side view, appear as short spikes of 75 A in length. The proximal end of isolated tails has a structure similar to a collar which is not dearly distinguished on complete particles. The capsid of this virus is not very rigid as it loses its polygonal shape when penetrated by the stain.
Phage R2. The head of this phage is elongated (P1. 3, figs. 5 and 6), 1050+ 100 A long and 555 + 75 A wide. Its tail is rigid, 1700 + 130 A long and 95 + 30 A wide. The plate structure (175 + 40 A wide) visible on the tail extremity is comparable to the structure observed on phage R1 (PI. 3, fig. 6 ). Clear subunits are arranged with sixfold symmetry and fixed on a central unit which, in turn, is fixed on the tail end. No fibres or collar were found on the tails. A plate corresponding to the insertion area of the tail appears on most of the empty heads (P1. 3, fig. 7 ). It is 150+ 50 A wide and 75 A thick.
Phage R~ is very sensitive to sucrose at a concentration of 0.2 %. In such a solution, all the heads are empty and distorted. At a concentration of 0-1%, there is no modification of the head structure of the phage.
DISCUSSION
The long latent period and the low adsorption rate found with these three viruses seem to be characteristic of actinophages in general (Gilmour, Noller & Watkins, 1959; Jones & Bradley, 1965) .
Although inactivation was considerable in the case of phage K, the electrophoresis technique appeared successfully to purify these three tadpole-shaped particles. Only roughly spherical viruses have until now been purified by electrophoresis (animal virus: Cramer & Svensson, 1961; plant virus: van Regenmortel, 1961 ; tailless phage: Bacq & Dierickx, 1962) . There is a great difference in the negative charge of the three particles studied, the greatest electrophoretic mobility measured (K) being comparable to that of Tr, for instance (-10.8 x 10 -5 cm. z sec. -1 V. -1 (Putnam, Kozloff & Neil, 1949) ). Recently, Kolstad & Bradley (1966) tested an actinophage by agar-gel electrophoresis and determined its isoelectric point at pH 3.5.
The phages studied belong to three different morphological types, but they all have tails devoid of contractile sheaths and made of subunits whose arrangement has not been distinguished. They can be compared to other bacteriophages by their general appearance. R~, for instance, has the same dimensions as T5 (Bradley, 1965; Bradley & Kay, 1960) . Most of the other actinophages described are also polyhedral particles with non-contractile tails (Mach, 1962; Rautenstein &Mach, 1961; Painter & Bradley, 1965) , the tailless ¢ 17 being an exception in the group (Bacq & Horne, 1963) . Phage K is similar to a phage isolated by Gilmour et aL (1959) and its end tail structure is comparable to the plate with prongs described by Bradley & Kay (1960) and by Painter & Bradley (1965) . Phages R~ and Rz have a fixation plate not previously seen on actinophages but similar to the structure showed for enterobacteriophages P22, P221 (Yamamoto & Anderson, 1961) and T4 (Boy de la Tour quoted by Stent, 1963) . Only R~ tails bear on their proximal ends structures analogous to the collar observed by Bradley (1965) . 1966) 
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